Introduction
Chest complications following paramedian incisions in the abdomen, and particularly those following gastric surgery, increase mortality and morbidity in the postoperative period. Their incidence, which has not fallen as dramatically as expected with the recent improvements in anaesthesia and surgery, varies from 85.60/,% (Collins et al., 1968) to 34 "a (Palmer, 1955) and 30%,, (Stringer, 1947) . The causes of these complications include position alone (Prys-Roberts ct al., 1967), infection (Collins et al., 1968) , diaphragmatic and abdominal splinting (Nunn et al., 1965) , pneumoperitoneum, decrease in pulmonary compliance (Lewis and Welch, 1965) , reduction of respiratory amplitude (Ngai, 1967) , and loss of periodic deep inspiration under anaesthesia (Bendixen et al., 1964) . The problem is certainly multifaceted, and the answer complex.
I undertook this study after observing that patients who had a metabolic acidosis on the first postoperative day were those who developed atelectasis and lobar collapse. Therefore if it was possible to prevent this acidosis the incidence of chest complications might fall.
Patients and Methods
The study group, comprising 181 patients undergoing major abdominal surgery, was divided randomly into two * Lecturer in Orthopaedics, Bristol Royal Infirmary, Bristol.
groups. These were not matched for age, sex, or severity of the surgical procedure. All the patients came from the same group of wards and received identical nursing care and physiotherapy. The same surgeons, anaesthetists, and nursing teams carried out the operations, no record being made of individual variation in technique; all operations lasted at least three-quarters of an hour.
The two groups were comparable in age, sex distribution, and type of operation, analgesia, and anaesthetic technique, the only difference being that the control group (group 1) did not receive intravenous bicarbonate, whereas the other group (group 2) did (Table I) .
Bicarbonate.-All the patients in group 2 received 100 mEq of sodium bicarbonate (an 8-4 0/ solution prepared by the pharmacological department of St. James's Hospital), which was infused intravenously in 10 minutes, two hours after surgery and then eight-hourly for two doses, a total of 300 mEq being given in the first 18 hours postoperatively. This rate of infusion was arrived at empirically, as the dangers of overrapid infusion are well known, and too slow a rate has no effect on acid-base balance.
Preoperative Assessment.-This was based on routine physical examination, history-taking, and chest radiographs. Tidal 
Results

Chest Complications
In group 1 20 patients had temperatures of up to 100-8°F.
(38-8 C.), increased respiratory rate, and rhonchi on auscultation; no radiographic changes were noted in the first 48 2nd day .. 5,900 600 ml. 5,600 ±500 ml. 5,670+480 ml. 5,730-600 ml. In the last 41 patients of both groups 1 and 2, who had blood gas analysis and respiratory volumes measured, the figures were 27 (65.7 I,) and 6 (14-5(",) respectively. This again was highly significant.
Blood Investigations
Serum Venous Bicarbonate.-The average preoperative bicarbonate levels in the two groups were 25-3 ± 3.1 and 25.6 ± 3-1 mEq respectively. The difference in levels between those with chest complications and those without in group I was statistically significant by t test (Table III) .
Astrup Analysis.-These results show a metabolic acidosis in group 1, those patients with chest complications having a particularly pronounced acidosis. This difference was statistically significant. These patients had normal or near normal PCo2 and adid-base levels by the second postoperative day, though all had had levels below the ± 2.2 base range of normal; any marked base deficit was corrected by intravenous bicarbonate.
Respirometer Results
The tidal volume was quite significantly depressed (P<0-001) in the 27 patients with chest complications in group 1, but not in the other patients in this group or group 2 (Table IV) . Similarly, minute volumes were slightly depressed on the first postoperative day in the 27 patients in group 1 despite an increased respiratory rate. The tidal volume returned to normal, and the minute volume increased because the respiratory rate was unaffected after the administration of intravenous bicarbonate to these 27 patients (Table V) . This very significant difference in the tidal and minute volumes was noted half an hour after the bicarbonate had been administered, the dose used being a corrective dose derived from the equation 0-3 x body weight in kg. X base deficit (Mellemgaard and Astrup, 1960) .
Discussion
Metabolic acidosis tends to develop after surgery. Tissue damage, acidic intravenous infusions (including acid, citrate, dextrose, blood), anaesthetic agents (Price et al., 1966) , and transient oliguria may all contribute to this effect. In this study I found a significantly greater degree of metabolic acidosis in patients who had a chest complication within the first postoperative day, the mean values of base excess in these patients with chest complications being significantly less than that in those patients without chest complications on the first postoperative day. Furthermore, in these patients with chest complications the "arterial" Pco2 was lower than in the patients without, yet their tidal and minute volumes of respiration were lower.
Without separate measurements of carbon dioxide production, one cannot be certain that this lower PCo2 reflects an increased alveolar ventilation. As this is very probable, however, I believe that the physiological dead space was reduced in the patients with chest complications, presumably in keeping with the collapse of lung areas which were no longer Postoperative Pulmonary Atelectasis-O'Driscoll M4DICALDJOUR being ventilated. These changes were prevented by bicarbonate therapy, since there was no appreciable difference in type of surgery, postoperative analgesia, intravenous fluid therapy, or anaesthetic technique between the two groups. The incidence of postoperative radiological changes in the chest, however, was significantly reduced in group 2. The improvement in acid-base balance in patients receiving bicarbonate therapy and the relative failure of these patients to increase both their alveolar ventilation and tidal and minute volumes, even in the presence of chest complications, indicated a considerable difference in gas exchange which cannot be fully explained without concomitant measurements of CO2 production. 
